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MSNBC News, May 2008
„Beetle‟s toxic blasts trigger Innovation; Scientists inspired by creature‟s unusual 

defense mechanism‟

http://www.msnbc.msn.com/id/24637825/

The Naked scientist show, May 2009
“Bioengineering - Engineering Inspired By Nature”

31st May 2009 : 

http://www.thenakedscientists.com/HTML/podcasts/show/2009.05.31/

http://www.thenakedscientists.com/HTML/content/interviews/interview/1139/ 

http://nakeddiscovery.com/downloads/split_podcasts/09.05.31/Naked_Scientists_Sh

ow_09.06.02_3954.mp3

Featured in :

BBC Look North, Sept 2007
„Beetle could be life saver - Leeds scientists believe the beetle's 

unique spraying technique could be a clue to saving lives.‟

http://www.bbc.co.uk/mediaselector/check/player/nol/newsid_7000000/

newsid_7001600?redirect=7001696.stm&news=1&bbwm=1&bbram=1

&nbram=1&nbwm=1

Discovery Channel News, Oct 2007
29th Oct 2007 : http://dsc.discovery.com/news/2007/10/29/beetle-combustor.html  

BBC Material World, Nov 2007
http://www.bbc.co.uk/radio4/science/thematerialworld_20071108.shtml

Der Spiegel, January 2008

Industrial Pharmacy, March 2008

Physics World, April 2008
http://physicsworld.com/cws/article/print/33577

Science Daily, April 2008
5th April 2008 : 

http://www.sciencedaily.com/releases/2008/04/080401170543.htm

Scientific American, April 2008
3rd April 2008 60 second science

http://www.sciam.com/podcast/episode.cfm?id=14B29E60-974B-1718-3B3079783FEBA66E&sc=rss  



Publications

Beheshti, N. & McIntosh, A.C., 'A Biomimetic study of the explosive 

discharge of the bombardier beetle', Int. Journal of Design & Nature. Vol.

1, No. 1, 61–69, 2007.

Beheshti, N. & McIntosh, A.C., 'The bombardier beetle and its use of a 

pressure relief valve system to deliver a periodic pulsed spray', Bioinsp.

Biomim., No. 2, 57–64 2007. 

McIntosh, A.C., Combustion, fire, and explosion in nature - some biomimetic 

possibilities. Proc. IMechE, Part C: Journal of Mechanical Engineering 

Science, 221(C10), 1157–1164.

McIntosh, A.C. and Beheshti, N, “Insect inspiration”, Physics World (Inst of 

Physics), 21(4), 29-31, April 2008. Applications 

being developed





Physics World, 21(4), 

April 2008, 29-31



 What we know

 Applications being developed

 Diagnostics

 Conclusions



 What we know

 Applications being developed

 Diagnostics

 Conclusions

What we know



Bombardier Beetle

What we know



Bombardier Beetle

What we know



Bombardier Beetle

What we know

Physics of chamber 

and valve system

 Inlet valve

 Timing

 Pressure relief exit 

valve

 Repetitive pulse 

combustion



 An example of oscillatory combustion in nature

 A classic example of biomimetics

 - Combustion chamber design (valves) and nozzle

 - Chemistry

What we know



Bombardier Beetle defence mechanism :

From work of Professor Tom Eisner 

of Cornell University : Eisner, T and 

Aneshansley, D. J, “Spray aiming in the 

bombardier beetle: Photographic 

evidence”, Proc. Natl. Acad. Sci. USA 

Vol. 96, pp. 9705–9709, August 1999

Experimental work by Eisner on Bombardier Beetle



From the film ‘Alien Empire’, BBC

Experimental work by Eisner on Bombardier Beetle

What we know



From the film ‘Secret 

Weapons’, BBC

Professor Tom Eisner, 

Cornell University

Experimental work by Eisner on Bombardier Beetle

What we know



Bombardier Beetle –

Pulse combustion 

par excellence.

Fuel-inlet valve opened at 

low pressure, closed at 

high pressure.

Exhaust-outlet at high 

pressure……… …..but also finding of a sophisticated 

pressure release valve at outlet

Approx

1mm

Experimental work by Eisner on Bombardier Beetle

What we know



The exhaust valve 

– pressure release

Major influence of the pressure release valve – this 

creates a „trigger pressure‟ so that hot water now 

undergoes „cavitation‟ explosion by pressure drop

The pressure release valve 

that it is thought controls 

the expulsion of the hot jet.

End on :

Closed Open

Membrane

Hard cuticle

 Exit valve observations
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The rig in action with large 

droplets and near 

maximum mass ejection . Applications 

being developed



Bombardier Beetle

Physics of chamber 

and valve system

 Inlet valve

 Timing

 Pressure relief exit 

valve

 Temperature of 

chamber

 Repetitive pulse 

combustion

 Modality

 Droplet size

Applications to :

 Pharmaceutical - Nebuliser 

– (Aqueous and Organic)

 Needless injector 

 Fire extinguishers 

 Fuel Injector

 Aerosols

 Aeroponics

1-10 mm

10-50 mm

~100 mm

10-20 mm

Applications 

being developed

http://www.google.co.uk/imgres?imgurl=http://en.wikivisual.com/images/a/af/Aerosol.png&imgrefurl=http://en.wikivisual.com/index.php/Aerosol_spray&usg=___gwrI8oO85o3TJ5cz8koN3yg6ZM=&h=960&w=1280&sz=795&hl=en&start=5&itbs=1&tbnid=D5BB3xC99cmqOM:&tbnh=113&tbnw=150&prev=/images%3Fq%3Daerosol%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1


Bombardier Beetle

Moveable Turret

Chemistry

Physics of chamber 

and valve system

Material Properties

Sensor System

Diagnostics needed
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Explosion Chamber of 

Bombardier Beetle

Hydrogen Peroxide

Hydroquinone

Enzymes – Catalase and 

Peroxidase

Catalytic combustion carefully timed

OH2OHCOHOHC 224622266 

Experimental work by Eisner on Bombardier Beetle

Diagnostics



Boxing glove like 

arrangement of the 

combustion chambers.

Diagnostics



       lOHaqOHCaqOHaqOHC 224622266 2

     gHaqOHCaqOHC 2246266 

     gOlOHaqOH 22
1

222 

     lOHgOgH 222
1

2 

Chemical Reactions within Bombardier Beetle

Overall Reaction

Salient steps

Aqueous solution of reactants is stored in a reservoir, and is composed of 

hydroquinone C6H6O2 at a concentration of 25% and hydrogen peroxide at 

concentration of 10% - Holoubek and Schildknecht

DH2 = +177:232 Jmol-1

DH3 = -94:5 Jmol-1

DH4 = -285:5 J mol-1

DH1 = -202.8 Jmol-1

Total heat release for one kilogram of solution is then 794.2 kJ/kg solution 

Experimental work by Eisner on Bombardier Beetle

Diagnostics



Combustion chamber.

Extremely narrow 

diameter tubes in 

which it is believed 

the chemicals

22266 and OHOHC

are made.

Diagnostics



1) Is it feasible to pass x-rays through the spray of the

bombardier beetle whilst suspended in the process of

exhausting (as Eisner dis in experiments at Cornell by using wax

and a hook on the back of the beetle).

2) Is it possible that by analysing the dispersion of the x-rays, to

then determine the temperature of the ejecting fluid?

3) Is there any way also of measuring the pressure and

temperature within the chamber just before the outlet. Is this

possible from such a small device (the combustion chamber is

less than 1mm in length within the beetle which is approximately

1-2 cms. in total length)?

Some questions : 

Diagnostics
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Conclusions

 The beetle has very many unique design 

features for inspiring biomimetics.

 Simulations and working models have been 

made, based on the valve system of the beetle

 Diagnostics are needed to establish the 

pressure and temperature in the chamber and 

just before the outlet valve

Conclusions



Thank you

Any questions and 

discussion?


